A simple and novel Planar inverted F antenna (PIFA) with minimum height and enhanced gain has been designed suitable for GSM Receiving band. The designed PIFA covers the frequency range of 900 -960 MHz and it has minimum height of 5mm from ground to top of the patch. The proposed antenna structure has been simulated using HFSS and then fabricated using FR4 epoxy material. The designed antenna has better return loss and good impedance matching to its credit.
Introduction
Planar Inverted FAntenna is very compact in size while compared with other microstrip antennas. It consists of a radiating patch, ground plane and shorting pin or plate to connect radiating patch with ground plate. pifa antenna will resonate at a size of quarter wavelength of operating frequency while compared with other type of microstrip antennas which require half of its wavelength. Due to the above reasons, the size of the PIFA antenna is reduced to half compared with other type of antenna. Due to its compact size and portability, it is widely used in cell phone as a transmitting and receiving antenna. One of the best advantage of PIFA is that, it has very low backward radiation which makes it a preferable choice in cell phone to avoid health hazards for the mobile phone users. It has omnidirectional radiation pattern. The shorting plate or pin and feeding point are responsible for matching of impedance. The antenna bandwidth can be optimized by varying the size of the ground plane. [1] - [3] .
The main drawback of existing mobile phone antenna is their height that has an influence on the size of the mobile phone. This has been taken care of in the proposed antenna design. The main objective of this work is to design a high gain PIFA with minimum height to suit GSM receiving band. By fixing antenna height as 5 mm the structure of PIFA has been modified to obtain resonant frequency at GSM receiving band. The feeding point and shorting pin plays a major role in obtaining a maximum gain and better impedance match [4] .
Conventional Antenna Geometry
The conventional PIFA antenna which has ground plane, radiating patch, shorting plate and feeding point was shown in fig.. 1.The resonant frequency of PIFA is a quarter wavelength of its operating frequency. The size of radiating patch (L1+L2) and the width of shorting plate W will be responsible to obtain the resonant frequency. The resonant frequency can be obtain using the following equations:
where L1 and L2 are Length and width of radiating patch. when
whereas if
where W and H are the width and height of the shorting plate respectively.
Proposed Antenna
The proposed antenna has been designed using Epoxy FR4 substrate which can be available easily at reasonable cost and its relative dielectric constant value εr is 4.4
The Dimensions of Proposed Antenna
The radiating patch and ground plane of the proposed antenna which is one side copper coated Fr4 Epoxy of thickness 1.6 and dielectric constant 4.4 is shown below. In radiating patch copper should face outwards (above FR4) were as in ground plane the copper should face downwards (below FR4) direction. The coordinates for (Lg1,Wg1),( Lg2,Wg2), ( Lp1,Wp1), (Lp2,Wp2), (Lp2,Wp2), P, F are (0,0,0), (2,1,0), (4,1.9,5), (4.33,3.5,5), (6, 30, 5) , (11, 30, 5) respectively.
The resonant frequency length λ /4 for GSM receiving band is approximately 84 mm. As per the equations 1 to 3 given above, the length of 84 mm includes the dimension of L1,L2 and W. In the proposed antenna, slots in the radiating patch were introduced , which increased the electrical length required to resonate the GSM band and at the same time reduced the size of the radiating patch to 66 mm. The width of the shorting pin is 1.3 mm. The ground plane of proposed antenna is 95 mmx 35 mm. The total height of the antenna from ground to top of the patch is 5mm. The thickness of FR4 used in this proposed antenna is 1.6 mm. Hence the air gap between the ground plane and radiating patch is very much reduced to 2.8 mm. The top and side view of the proposed antenna is shown in fig. 2&3 . In proposed design the position of feeding point and shorting pin were finalized accordingly to acheive better result as mention in table1. 
Simulation Results
The simulation and optimization of the antenna has been performed by using High Frequency Structure Simulator (HFSS) of version 13. The return loss of the antenna is taken as a vital parameter since it gives the information about the operating frequency at which the designed antenna is resonating. The value of Return Loss should be -6 dB as a marginal level [11] . If it is less than -6dB, then it will improve the antenna performance. The proposed antenna geometry on simulation yielded the Return loss of -6 dB for the frequency range of 906 MHz to 945 MHz. Fig. 6 shows the simulated return loss of proposed antenna. The next important parameter to be considered is impedance matching since it results in maximum power transfer .The antenna impedance should be 50 ohms in general so that to integrate with other part of the circuit in a system without any power loss. The simulation results in fig. 7 shows that impedance of proposed antenna for resonant frequency of 921 MHz is 57.15 Ohms which is much closer to the ideal value of 50 Ohms. The third parameter of antenna which is to be considered is radiation pattern through which the gain of the antenna at a particular operating frequency can be obtained. The simulated antenna radiation pattern is shown in fig. 8 . The simulation result shows that a maximum gain of 7.5 dB can be achieved using the proposed structure of antenna .
Results and Discussions
Return Loss: The Return loss of proposed antenna has been measured by using Agilent Vector Network Analyzer (N9925A). From fig. 9 it can be viewed that, in the frequency range of 886 MHz to 960 MHz the proposed antenna yielded Return loss of -6 dB, and a value of -9.21 dB for the frequency of 919.8 MHz which is better than the simulated value. 
Smith chart:
Similarly the smith chart of the proposed antenna has been measured using VNA as given in fig. 10 . At the frequency of 921.6 MHz and 936.2 MHz,the impedance of 53Ω and 52Ω were obtained,which is much near to the ideal value of 50Ω. 
Radiation pattern:
The Radiation pattern of the proposed antenna has been measured using Anechoic Chamber of name SATIMO as displayed in fig. 11 . At the resonating frequency of 920 MHz, simulated and measured radiation pattern for phi=0 and phi=90 has been obtained as shown in fig. 12 &13. The measured gain varies from 1.5 to 2 dB for frequency band of 900 to 960 with a interval 10 MHz each. A Maximum value of 7.5 dB is obtained form simulation at the frequency of 935.535 Mhz. On comparing the parameters of the proposed PIFA antenna with that of differential antenna designed by Mahima Arrawatia et al [12] , it can be seen that the proposed antenna has as gain much closer to it but achieved with a height of 5mm as indicated in table 2. 
Conclusion
A novel PIFA antenna with minimum height of 5mm is proposed and fabricated. The fabricated antenna resonates at 919.8 MHz of GSM band with a return loss of -9.21 dB. It yielded the impedence of 53Ω and 52Ω at 921.6 MHz and 936.2 MHz respectively. A maximum gain of 7.5 dB is achieved in the proposed simulated antenna by fixing the position of feeding point and shorting pin accordingly. The proposed PIFA antenna have better performance while compared with the existing differential antenna.
